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In SEAC4RS we flew a Humidified Dual Single Particle Soot Phototmeter (HD-SP2) rack on the NASA

DC-8 research aircraft. This unique instrument consists of two Single Particle Soot Photometers (SP2s)
operating in parallel and sampling primarily off of the dry aerosol feed from the Univeristy of Hawaii aerosol ,
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BC Microphysical State and Evolution

Plume Characterization RF04: Low water uptake

RF19: Evolution of Houston outflow

Aging of urban outflow is associated with increasing
d coating thickness on BC cores. However, there is
very little evidence of significant changes in water activity

with the humidified/dry measurement. Although of the coatings. These results, largely representing fossil

fuel BC, will be contrasted with those from measurements

} different BC microphysical state, only very small of BC from wild and agricultural burning.

flight.
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Here we present and overview of the validation of the HD-SP2 measurements, the performance of the 90 degree
inlet,and science goals associated with BC vertical profiles, BC microphysics, BC cloud interactions, and water
uptake by BC-contiaining particles. We are also interested in pursuing and supporting analysis of BC emission factors,

contributions to total absorption, source apportionment, and model validation.

BC Vertical Profiles
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Here we show water uptake (90%) for RF09, as a 'BC MMR (ng/kg)

function of observed coating thickeness (SP2 estimate) Black carbon vertical profiles: mission averages

and GPS altitude. Deciphering trends in coating thickness  £.5m DC3 and SEAC4RS. In DC3 high rBC loadings

and water activity with altitude will both elucidate the throughout the free troposphere appear to be
mechanisms affecting BC lifetime, and bound model caused by large scale regional processes.

estimates of enhanced absorption by BC.

HD-SP2 rBC Measurement
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An gaussian intracavity laser (1 um) iheats rBC particles, first vaporizing

internally mixed materials, and then heating rBC to its vaporization temperature.

The visible light thermally emitted is proportional to its rBC mass. Light scattered

from the laser can be analyzed for evidence of vaporization of internally mixed material
and for the optical size of the whole, unperturbed particle.

The two SP2s (humid and dry) were calibrated for laser intensity/scatter detector gain

via independent calibrations, and via LARGE-group calibrations during flight. Additionally,
we have explored using scattering off of bare rBC cores, just prior to incandescence, to
cross-calibrate the two measurements of scattering.

SP2 modal scattering Signal, arb. u.
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Interstitial BC/Cloud Interactions

The flat-plate inlet allows 90 degree
sampling from the air flow. Although

it proved useful for interstitial sampling
in cirrus when flown on the

belly of a WB-57F research aircraft,
SEACA4RS results were not as satisfying

The flat plate inlet showed clear signs of artifacts in cirrus:
1) changes in particle size distribution

2) changes in incandescent particle color temperature

3) “pulses” or“spurts” of particles consistent with reaerosolization
of particles by ice crystals striking a hard surface

BC-equivalent mass, fg
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We intend to examine rBC size distributions, mixing state, and associate with water-active speicies for individual fires (both wild and
agricultural) to explore systematic differences in these parameters with implications for BC forcing or lifetime.

RF17:Flat plate artifacts in cirrus
L I I I

| |
100 £ -
6: 410 5
I 405 9
4_ . s
- 4.00 @
2F n
(@)
-3.95 @
10 ¢ —+
: 3.90 4
6 o
4: — 3.85 2
Il |- 3.80 §
2'.—3.75 o
[

6F |

| o ° _
60.8 61.0 ©61.2 ©61.4 61.6 ©61.8 62.Ox103
20130914 Time, UTC, s

Theory

Humidification

>

ing thickness from

total-particle optical size coupled
with mie theory and core mass.

Ratio of humidified to dry scattering is
a function only of dry coating thickness
and kappa (for a given core mass)

Coating thickness, nm
Mie theory and kappa-Kohler theory provide an estimate
of the ratio of scattering from BC-cores of a given mass with
coatings of specified thickness and kappa (index of refraction
of the coating is neglegible). The ratio is indicative of the
relative impact of water uptake on BC scattering, and for
more thickly coated BC, is strongly dependent on kappa.



